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IMAGE CAPTURING DEVICE AND
RECORDING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/232,460, filed Sep. 14, 2011, which claims the benefit
of priority from Japanese Patent Application No. 2010-
208370 filed in Japan on Sep. 16, 2010 and Japanese Patent
Application No. 2010-208381 filed in Japan on Sep. 16, 2010,
the contents of all are incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image capturing device
to be mounted on a recording apparatus, such as an inkjet
printer, and a recording apparatus including the image cap-
turing device.

2. Description of the Related Art

A typical inkjet recording apparatus ejects ink from a
recording head mounted on a carriage while the carriage is
reciprocating in the main-scanning direction (direction in
which the carriage moves) to cause the ink to stick to a
recording medium placed on a supporting plate, thereby
recording an image (dots) on the recording medium. The
recording apparatus conveys the recording medium in the
sub-scanning direction (direction perpendicular to the direc-
tion in which the carriage moves) by using a conveying roller
or the like and repeatedly performs the recording in the main-
scanning direction, thereby forming an image on the record-
ing medium. The supporting plate supports the recording
medium while the ink is ejected onto the recording medium.

In the inkjet recording apparatus described above, amounts
of'ink ejected from the recording heads varies depending on a
nozzle condition of the recording heads, fluctuation of vis-
cosities of the ink, variability of piezoelectric elements to be
driven for the ejection, and the like. Accordingly, color repro-
duction of an image to be formed with the ink ejected from the
recording heads can disadvantageously vary. While ink ejec-
tion amounts of a single apparatus can change with time, ink
ejection amounts can vary on an apparatus-by-apparatus
basis. Accordingly, also with such a variation, color repro-
duction of an image to be formed with ink ejected from the
recording heads can disadvantageously vary.

In view of these circumstances, some types of the inkjet
recording apparatus described above perform control, for
example, as follows. A test pattern, which is an object, is
formed on a recording medium. Depending on the result of
color measurement on the test pattern by using a colorimeter,
an amount of ink ejected from recording heads is corrected so
that colors of an image to be formed with ink ejected from the
recording heads are reproduced without a variance.

Examples of the colorimeter described above include a
colorimeter that performs color measurement by using a
spectrometer and a colorimeter that performs color measure-
ment by receiving light reflected from the test pattern. Use of
a spectrometer improves accuracy in color measurement at
the expense of an increase in cost because a spectrometer is
relatively expensive. A colorimeter using reflected light is
relatively inexpensive with the disadvantage of rather low
accuracy in color measurement due to the variance of the
reflected light according to an environmental condition.
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Therefore, there is a need for developing equipment that is
relatively inexpensive and performs very accurate color mea-
surement.

Technical documents applied prior to the present invention
include Japanese Patent No. 3129502, in which a technique
for increasing accuracy in color measurement by capturing an
image of a reference color chart and an image of an object
including an object simultaneously or separately to obtain
RGB data pertaining to the reference color chart and the
object, and correcting the RGB data pertaining to the object
based on the RGB data pertaining to the reference color chart
is disclosed.

Also disclosed in Japanese Patent No. 3129502 is an aspect
that the image of the reference color chart and the image of the
object including the object are captured simultaneously to
correct the RGB data pertaining to the object.

However, the technique disclosed in Japanese Patent No.
3129502 is based on an assumption that image capturing is
performed in a state where an image capturing device and the
object are placed at fixed positions. Accordingly, the tech-
nique is substantially inapplicable to a case where the image
capturing device is to be moved.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, there is
provided an image capturing device including: a housing; a
reference pattern used for color measurement, the reference
pattern being arranged in the housing; an image capturing
element that captures an image of the reference pattern in a
first area of an image capturing area and an image of an object
in a second area of the image capturing area; an image form-
ing element that causes the image of the reference pattern and
the image of the object to be formed on the image capturing
element, the image forming element being arranged on a first
optical path between the image capturing element and the
reference pattern and a second optical path between the image
capturing element and the object; and an optical member that
guides any one of the image of the reference pattern and the
image of the object so that the image of the object formed by
the image forming element and the image of the reference
pattern formed by the image forming element are to be
formed on an element surface ofthe image capturing element.

According to another aspect of the present invention, there
is provided a recording apparatus including a carriage and an
image capturing device. The image capturing device includes
a housing; a reference pattern used for color measurement,
the reference pattern being arranged in the housing; an image
capturing element that captures an image of the reference
pattern in a first area of an image capturing area and an image
of'the object in a second area of the image capturing area; an
image forming element that causes an image of the reference
pattern and an image of the object to be formed on the image
capturing element, the image forming element being
arranged on a first optical path between the image capturing
element and the reference pattern and a second optical path
between the image capturing element and the object; and an
optical member that guides any one of the image of the
reference pattern and the image of the object so that an image
of the object formed by the image forming element and an
image of the reference pattern formed by the image forming
element are to be formed an element surface of the image
capturing element. The image capturing device is mounted on
the carriage.
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The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an exemplary schematic
configuration of mechanism of a recording apparatus accord-
ing to a first embodiment of the present invention;

FIG. 2 is a diagram illustrating an exemplary schematic
configuration of a recording mechanism and a detection
mechanism of the recording apparatus according to the first
embodiment;

FIG. 3 is a diagram illustrating an exemplary configuration
of recording heads;

FIGS. 4A to 4C are diagrams illustrating an exemplary
configuration of an image capturing unit;

FIG. 5 is a diagram illustrating an exemplary schematic
configuration of a control mechanism of the recording appa-
ratus according to the first embodiment;

FIG. 6 is a diagram illustrating an exemplary configuration
of a reference chart;

FIG. 7 is a schematic diagram for explaining an exemplary
method for color measurement of a test pattern;

FIG. 8 is a graph in which both RGB output values prior to
gray balance adjustment and white balance adjustment and
ideal RGB output values are plotted;

FIG. 9 is a graph in which differences between actual RGB
output values and the ideal RGB output values and ratios of
the actual RGB output values to the ideal RGB output values
are plotted;

FIG. 10 is a schematic diagram for explaining the exem-
plary method for color measurement of the test pattern;

FIGS.11A and 11B display conversion equations from Lab
to XYZ (FIG. 11A) and from XYZ to Lab (FIG. 11B);

FIG. 12 is a diagram for explaining the exemplary method
for color measurement of the test pattern;

FIG. 13 is a first diagram for explaining compensation for
misalignment of an image;

FIG. 14 is a second diagram for explaining the compensa-
tion for misalignment of an image;

FIG. 15 is a third diagram for explaining the compensation
for misalignment of an image;

FIG. 16 is a fourth diagram for explaining the compensa-
tion for misalignment of an image;

FIG. 17 is a diagram illustrating a modification of the
compensation for misalignment of an image;

FIGS. 18A and 18B are diagrams illustrating a first exem-
plary configuration of an image capturing unit according to a
second embodiment of the present invention;

FIG. 19 is a diagram illustrating a second exemplary con-
figuration of the image capturing unit according to the second
embodiment;

FIG. 20 is a diagram illustrating an exemplary schematic
configuration of a recording mechanism and a detection
mechanism of a recording apparatus according to a third
embodiment of the present invention;

FIG. 21 is a diagram illustrating a first exemplary configu-
ration of an image capturing unit according to the third
embodiment;

FIG. 22 is a diagram illustrating a second exemplary con-
figuration of the image capturing unit according to the third
embodiment; and
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FIG. 23 is a diagram illustrating an exemplary schematic
configuration of a control mechanism of the recording appa-
ratus according to the third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the accompanying drawings.

First Embodiment

An outline of a recording apparatus according to a first
embodiment of the present invention will be described below
with reference to FIGS. 2 and 4A to 4C.

As illustrated in FIG. 2, the recording apparatus according
to the first embodiment includes an image capturing unit 42
(image capturing device) mounted on a carriage 5. As illus-
trated in FIGS. 4A to 4C, the image capturing unit 42 includes
a housing 421; a reference pattern (corresponding to a refer-
ence chart 400), arranged in the housing 421, used for color
measurement; a two-dimensional sensor 423 that captures an
image of the reference pattern 400 at a part of an image
capturing area and captures an image of a test pattern 100,
which is an object, in the other part of the area; an image
capturing lens 425 arranged on a first optical path between the
two-dimensional sensor 423 and the reference pattern 400
and a second optical path between the two-dimensional sen-
sor 423 and the test pattern 100 to cause the image of the
reference pattern 400 to be formed on a sensor surface of the
two-dimensional sensor 423; and a transparent member 426
arranged on the second optical path between the two-dimen-
sional sensor 423 and the test pattern 100 and having a refrac-
tive index that causes an image of the test pattern 100 formed
by the image capturing lens 425 to be positioned on the sensor
surface of the two-dimensional sensor 423.

The image capturing unit 42 of the first embodiment
includes the reference pattern 400 to be used in color mea-
surement inside the image capturing unit 42. The transparent
member 426 causes the image of the reference pattern 400
and the image ofthe test pattern 100 of the object to be formed
on the sensor surface of the two-dimensional sensor 423.
Accordingly, the image capturing unit 42 can be used even
when the image capturing unit 42 is in motion. Furthermore,
accuracy in the color measurement of the test pattern 100 can
be increased while keeping the production of the image cap-
turing unit 42 less costly. The recording apparatus according
to the first embodiment will be described in detail below with
reference to the accompanying drawings.

Exemplary Schematic Configurations of Mechanisms of
Recording Apparatus

Exemplary schematic configurations of mechanisms of the
recording apparatus according to the first embodiment will be
described first with reference to FIG. 1.

The recording apparatus according to the first embodiment
includes side plates 1 and 2, which are provided on lateral
ends of the recording apparatus, a main-supporting guide rod
3 and a sub-supporting guide rod 4 bridging the side plates 1
and 2 substantially horizontally, and the carriage 5 supported
by the main-supporting guide rod 3 and the sub-supporting
guide rod 4 slidably in the main-scanning direction.

On the carriage 5, a plurality of recording heads 6y, 6m, 6¢,
and 6% that eject yellow (Y) ink, magenta (M) ink, cyan (C)
ink, and black (Bk) ink, respectively, are mounted with their
ejection surfaces (nozzle surfaces) facing downward. On the
carriage 5, a plurality of ink cartridges 7 (reference numeral
“7” denotes any one or all of “7y, 7m, 7c, and 7k) are also
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mounted above the recording heads 6 (reference numeral “6”
denotes any one or all of “6y, 6m, 6¢, and 64”) in a replaceable
manner. The ink cartridge 7 is an ink supplying element for
supplying ink of each color to the corresponding recording
head 6. The carriage 5 is configured to be fixed to a timing belt
11 extending between a driving pulley 9 and a driven pulley
10. A main-scanning motor 8 is driven in a controlled manner
to drive the driving pulley 9, thereby to move the carriage 5 in
the main-scanning direction. The movement of the carriage 5
in the main-scanning direction is, as illustrated in FIG. 2,
controlled based on an encoder value obtained by an encoder
sensor 41, provided on the carriage 5, in detecting a mark put
on an encoder sheet 40.

The recording apparatus according to the first embodiment
includes a bottom plate 12 connecting the side plates 1 and 2,
sub-frames 13 and 14 provided upright on the bottom plate
12, and a conveying roller 15 rotatably supported by and
between the sub-frames 13 and 14. The recording apparatus
also includes a sub-scanning motor 17 arranged on a side
where the sub-frame 14 is provided. The recording apparatus
also includes a gear 18 fixed onto a rotary shaft of the sub-
scanning motor 17 and a gear 19 fixed onto a shaft of the
conveying roller 15 to transmit rotation of the sub-scanning
motor 17 to the conveying roller 15.

A mechanism (hereinafter, “subsystem”) 21 for maintain-
ing and recovering reliability of the recording heads 6 is
arranged between the side plate 1 and the sub-frame 13. The
subsystem 21 includes a plurality of cap members 22, each of
which caps the ejection surface of the corresponding record-
ing head 6. The cap members 22 are held by a holder 23 that
is swingably held by a link member 24. When the carriage 5
moves in the main-scanning direction and abuts on an engag-
ing portion 25 provided on the holder 23, the holder 23 is
lifted up, causing each of the cap members 22 to cap the
ejection surface of the corresponding recording head 6. When
the carriage 5 moves to an image forming area (on a recording
medium 16), the holder 23 is lifted down, causing the cap
members 22 to be separated from the ejection surfaces of the
recording heads 6.

Meanwhile, the cap members 22 are connected to a suction
pump 27 through suction tubes 26. The cap members 22 also
have a vent opening to communicate with the atmospheric air
through a vent tube and a vent valve. The suction pump 27 is
configured to suck waste liquid (waste ink) and discharge the
sucked waste liquid into a waste liquid tank.

A wiper blade 30 that wipes the ejection surfaces of the
recording heads 6 is attached to a blade arm 31 on a side of the
holder 23. The blade arm 31 is swingably shaft-supported to
swing caused by rotation of a cam that is driven by a drive unit
(not shown) to revolve.

Exemplary Configurations of Recording Mechanism and
Detection Mechanism of Recording Apparatus

Exemplary configurations of a recording mechanism and a
detection mechanism of'the recording apparatus according to
the first embodiment will be below described with reference
to FIGS. 2 and 3. FIG. 2 is a diagram for describing a top
surface of the carriage 5. FIG. 3 is a diagram illustrating an
exemplary arrangement of the recording heads 6.

The recording mechanism and the detection mechanism of
the recording apparatus according to the first embodiment
include the carriage 5, the encoder sheet 40, and a supporting
plate 200. The carriage 5 includes the recording heads 6, the
encoder sensor 41, and the image capturing unit 42.

The supporting plate 200 supports the recording medium
16 while ink is ejected from the recording heads onto the
recording medium 16. The recording apparatus according to
the first embodiment is a wide type that moves a relatively
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large distance for scanning in the main-scanning direction.
Accordingly, the supporting plate 200 is formed by connect-
ing, in the main-scanning direction (the direction in which the
carriage 5 moves), a plurality of plate-like members.

Each of the recording heads 6 includes a plurality ofnozzle
arrays and ejects ink onto the recording medium 16 having
been fed onto the supporting plate 200, thereby recording an
image (dots) on the recording medium 16. The recording
heads 6 of the first embodiment are configured, as illustrated
in FIG. 3, to include recording heads on an upstream side and
recording heads on a downstream side so as to secure a
relatively large recording width in which the image (dots) can
be recorded in one scanning operation on the recording
medium 16. To increase a recording rate in black, the black
recording heads 6% are arranged twice as many as the record-
ing heads 6y, 6m, and 6¢ used for color printing. In addition,
the recording heads 6y and 6m are arranged to be separated
into a left-side part and a right-side part. This arrangement is
employed so that the colors are superimposed in a same order
irrespective of whether the carriage 5 moves forward or back-
ward in the main-scanning direction, thereby eliminating a
difference in colors formed during scanning between the
colors formed in the forward movement and the colors
formed in the backward movement. Note that the arrange-
ment of the recording heads 6 illustrated in FIG. 3 is only an
example and arrangement of the recording heads 6 is not
limited thereto.

The recording mechanism according to the first embodi-
ment moves the carriage 5, on which the recording heads 6 are
mounted, in the main-scanning direction and causes ink to be
ejected through the nozzle arrays of the recording heads 6
onto the recording medium 16 placed on the supporting plate
200, thereby recording the test pattern 100, which is the
object, on the recording medium 16. The test pattern 100 is
mainly used for color measurement of an image formed with
the ink ejected from the recording heads 6.

The detection mechanism according to the first embodi-
ment captures, using the image capturing unit 42, an image of
the test pattern 100 recorded on the recording medium 16 and
an image of the reference chart 400 (not shown) arranged in
the image capturing unit 42. The detection mechanism com-
pares colors of the image of the test pattern 100 captured by
the image capturing unit 42 with colors of the image of the
reference chart 400, thereby performing color measurement
of'the test pattern 100. The reference chart 400 is mainly used
for color measurement of the test pattern 100.

Exemplary Configuration of Image Capturing Unit 42

An exemplary configuration of the image capturing unit 42
will be described below with reference to FIGS. 4A to 4C.
FIGS. 4A to 4C are diagrams illustrating the exemplary con-
figuration of the image capturing unit 42. FIG. 4A illustrates
the exemplary configuration of a side surface of the image
capturing unit 42. FIG. 4B illustrates a cross sectional view of
the exemplary configuration of the image capturing unit 42
illustrated in F1G. 4A as viewed in the plane indicated by, and
in the direction along, arrow “A” of FIG. 4A. FIG. 4C illus-
trates the exemplary configuration of the image capturing unit
42 as viewed along arrow “B” of FIG. 4A.

The image capturing unit 42 of the first embodiment
includes the housing 421 having an aperture 428 on a image
capturing surface side, a printed-circuit board 422, the two-
dimensional sensor 423, a light source (light emitting diode
(LED)) 424, the image capturing lens 425, the transparent
member 426, and the reference chart 400. Reference numeral
427 denotes a cell of the image capturing lens 425.

The housing 421 is a hull of the image capturing unit 42,
and has the aperture 428 on the side of the image capturing
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plane. As illustrated in FIG. 4B, inner wall of the housing 421
has a rectangular shape. The printed-circuit board 422 is
provided for electrically connecting the two-dimensional
sensor 423 and the light source 424 to a control unit (not
shown). The two-dimensional sensor 423 captures an image
of the reference chart 400 and an image of an object (the test
pattern 100) simultaneously to obtain a two-dimensional cap-
tured image formed by the image of the reference chart 400
and the image of the test pattern 100. The light source 424
illuminates the reference chart 400 and the test pattern 100
with light. The image capturing lens 425 is a lens to form an
image of an image capture object on the sensor surface of the
two-dimensional sensor 423. The image capturing lens 425 is
arranged such that an object surface is positioned on the
reference chart 400. The transparent member 426 is a material
which light can pass through.

In the image capturing unit 42 of the first embodiment, the
reference chart 400 is arranged in a first area, which is
approximately half the image capturing area, of the image
capturing area of the two-dimensional sensor 423. The refer-
ence chart 400 is arranged in the housing 421 such that the
image of the reference chart 400 is formed by the image
capturing lens 425 on the sensor surface of the two-dimen-
sional sensor 423.

The image of the test pattern 100, which is the object, is to
be captured in a second area which is rest of the image
capturing area other than the first area and in which the
reference chart 400 is not arranged. Specifically, as illustrated
in FIG. 4A, the test pattern 100 is arranged on the imaging
plane of the image capturing unit 42. The transparent member
426 having refractive index n (n can be any desired number)
is arranged on an optical path corresponding to the area in
which the image of the test pattern 100 is to be captured. As
illustrated in FIG. 4C, the transparent member 426 is config-
ured to have an external form which is larger than the aperture
428 and arranged inside the housing 421. The position where
the transparent member 426 is to be fixed is not specifically
limited, and can be any position in the housing 421. For
example, the transparent member 426 may be fixed to the
image capturing plane side of the housing 421 or to an inner
wall of the housing 421. When an image is formed with light
having passed through the transparent member 426 of which
the refractive index is n, the image may appear to be floating
by an amount that depends on the value of n. Let C denote a
floating amount of the image and Lp denote the length of the
transparent member 426, then C can be obtained by the fol-
lowing equation,

C=Lp(1-1/n),

where C denotes the floating amount of the image, Lp denotes
the length of the transparent member 426, and n denotes the
refractive index of the transparent member 426.

When an image capturing plane of the image capturing unit
42 other than an area occupied by the reference chart 400 is in
a conjugate relation with the two-dimensional sensor 423, a
distance L. between the image capturing plane and a top
portion of the image capturing lens 425 can be obtained from
the following equation,

L=Lc+Lp(1-1/n),

where L is the distance between the image capturing plane of
the image capturing unit 42 and the top portion of the image
capturing lens in the case when the image capturing plane and
the two-dimensional sensor are in the conjugate relation with
each other, Lc is the distance between the top portion of the
image capturing lens and the reference chart 400 in a case
when the reference chart 400 and the two-dimensional sensor
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423 are in a conjugate relation with each other, and n is the
refractive index of the transparent member 426.

If n, denoting the refractive index of the transparent mem-
ber 426, is set as n=1.5, L=Lc+Lp(1/3) is obtained. In this
case, by letting Lp be 9 (mm), L=Lc+3 (mm) is obtained.
Thus, the position where the image of the reference chart 400
is to be formed and the position where the image of the test
pattern 100 (image capturing plane) is to be formed can be
made to be the sensor surface of the two-dimensional sensor
423. In other words, the test pattern 100 arranged on the
image capturing plane away from the reference chart 400 by
one third of Lp, which is the length of the transparent member
426, and the two-dimensional sensor 423 are made to be in the
conjugated relation with each other.

As described above, in the image capturing unit 42 of the
first embodiment, the transparent member 426 having the
predetermined refractive index n is arranged on the second
optical path between the two-dimensional sensor 423 and the
test pattern 100. The transparent member 426 causes the
position where the image of the reference pattern 400 is to be
formed and the position where the image of the test pattern
100 is to be formed to be on the sensor surface of the two-
dimensional sensor 423. That is, the image capturing lens 425
and the transparent member 426 cause both the image of the
reference chart 400 and the image of'the test pattern 100 to be
formed on the sensor surface of the two-dimensional sensor
423.

Furthermore, the image capturing unit 42 of the first
embodiment illuminates the reference chart 400 and the test
pattern 100 with light from the light source 424 and captures
the image of the reference chart 400 and the image of the test
pattern 100 with the two-dimensional sensor 423 simulta-
neously in the same lighting condition.

Exemplary Configuration of Control Mechanism of
Recording Apparatus

An exemplary configuration of a control mechanism of the
recording apparatus according to the first embodiment will be
described below with reference to FIG. 5.

The control mechanism of the recording apparatus accord-
ing to the first embodiment includes a control unit 107, read-
only memory (ROM) 118, random access memory (RAM)
119, a storage unit 120, the carriage 5, a main-scanning driver
109, the recording heads 6, a recording-head driver 111, the
encoder sensor 41, the image capturing unit 42, a paper con-
veying unit 112, and a sub-scanning driver 113.

The control unit 107 supplies the storage unit 120 and each
driver with recording data and a drive control signal (pulse
signal) and manages control operations on whole of the
recording apparatus. The control unit 107 controls driving of
the carriage 5 in the main-scanning direction via the main-
scanning driver 109. The control unit 107 also controls ink
ejection timing of the recording heads 6 via the recording-
head driver 111. The control unit 107 also controls driving of
the paper conveying unit 112 (such as a conveying belt) in the
sub-scanning direction via the sub-scanning driver 113.

The encoder sensor 41 outputs, to the control unit 107, the
encoder value that is obtained by detecting the mark on the
encoder sheet. Based on the encoder value, the control unit
107 controls driving of the carriage 5 in the main-scanning
direction via the main-scanning driver 109.

The image capturing unit 42 captures the image of the
reference chart 400 arranged in the image capturing unit 42
and the image of the test pattern 100 recorded on the record-
ing medium 16 simultaneously and outputs, to the control unit
107, the captured image formed with the image of the refer-
ence chart 400 and the image of the test pattern 100. The
control unit 107 compares colors of the reference chart 400
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with colors of the test pattern 100 based on the captured image
captured by the image capturing unit 42, thereby performing
color measurement of the test pattern 100.

The ROM 118 stores necessary information. For example,
the ROM 118 stores a computer program such as a procedure
of a process to be performed by the control unit 107. The
RAM 119 is used as a working memory and the like.

Exemplary Configuration of Reference Chart 400

An exemplary configuration of the reference chart 400 will
be described below with reference to FIG. 6.

The reference chart 400 according to the first embodiment
includes pattern rows for color measurement and pattern rows
for geometrical-shape measurement.

The pattern rows for color measurement include CMYK
primary-color gradation-pattern rows 401, RGB secondary-
color gradation-pattern rows 402, a gray-scale gradation-pat-
tern row 403, and tertiary-color gradation-pattern rows 404.

The pattern rows for geometrical-shape measurement
include lines (outer line frame) 405 used for distance mea-
surement and a circle pattern row 406 used for dot diameter
measurement. Four corners 407 of the outer line frame 405
are markers for determining the position of the reference chart
400. The control unit 107 determines the four corners 407 of
the outer line frame 405 from the captured image captured by
the image capturing unit 42, thereby determining the position
of the reference chart 400.

Lab values of each of patches belonging to each of the
pattern rows 401, 402, 403, 404, and 406 are measured in
advance, and are used as reference values in color measure-
ment of the test pattern 100. Configurations of the pattern
rows 401, 402, 403, 404, and 406 are not specifically limited;
any appropriate pattern row can be applied to each of the
pattern rows 401, 402, 403, 404, and 406. For example, it is
possible to use a patch that maximizes a range of colors to be
determined, while a configuration in which a patch is inter-
changeable depending on the purpose of use. The CMYK
primary-color gradation-pattern rows 401 and the gray-scale
gradation-pattern row 403 can be formed with color measure-
ment values of ink for use by the recording apparatus. The
RGB secondary-color gradation-pattern rows 402 can be
formed with color measurement values of colors that can be
reproduced with the ink for use by the recording apparatus.
Alternatively, a reference chart, such as the Japan Color, that
defines standard color measurement values can be used.

Exemplary Method for Color Measurement of Test Pattern
100

An exemplary method for color measurement of the test
pattern 100 will be described below with reference to FIG. 7.

To perform color measurement of the test pattern 100, the
test pattern 100 configured as illustrated in FIG. 7 is recorded
on the recording medium 16. The image capturing unit 42
captures the image of the reference chart 400 and the image of
the test pattern 100 simultaneously, thereby obtaining the
captured image illustrated in FIG. 7. Of the whole image
capturing area of the two-dimensional sensor 423 (whole
image capturing area of the two-dimensional sensor) illus-
trated in FIG. 7, a left half area configures a reference-chart-
image capturing area where the image of the reference chart
400 illustrated in FIG. 6 is to be captured. The Lab values of
each of the patches belonging to the reference chart 400 are
measured and held in advance. A right half area of the image
capturing area configures an object-image capturing area
where the image of'the test pattern 100 illustrated in FIG. 7 is
to be captured. Meanwahile, it is preferable that the test pattern
100 is formed with a large number of colors to obtain a color
profile; however, depending on a purpose, the test pattern 100
can be formed with a small number of colors.
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When the captured image illustrated in FIG. 7 has been
obtained, first, positions of the four corners 407 of the outer
line frame (the main-scanning distance reference line and the
sub-scanning distance reference line) 405 of the reference
chart 400 are determined by pattern matching or the like. As
a result, the position of the reference chart 400 is determined.
After the position of the reference chart 400 is determined,
position of each of the patches belonging to the reference
chart 400 is determined.

Subsequently, RGB values of each patch belonging to the
reference chart 400 are retrieved to perform calibration of
sensitivity of an image sensor. More specifically, RGB values
of'each of achromatic (white, black, and gray-scale) patches
among the patches belonging to the reference chart 400 are
retrieved.

FIG. 8 is a graph plotting RGB output values prior to gray
balance adjustment and white balance adjustment. If the RGB
values obtained from the captured image illustrated in FIG. 7
are output without performing the balance adjustment, the
RGB output values as seen in FIG. 8 are obtained and are
output as colors out of color balance and having color satu-
ration. This results from an error caused by variation in sen-
sitivity of the two-dimensional sensor 423. Ideally, all the
RGB output values are to be output as values having linearity
seen in a broken line plotted in FIG. 8. Therefore, the record-
ing apparatus according to the first embodiment calculates
differences between the actual RGB output values (solid
lines) obtained from the captured image illustrated in FIG. 7
and the ideal RGB output values (broken line) or ratios of the
actual RGB output values to the ideal RGB output values, and
temporarily stores the differences or the ratios in the storage
unit 120. FIG. 9 is a graph plotting the differences between
the actual RGB output values (solid lines) and the ideal RGB
output values (broken line) and the ratios of the actual RGB
output values to the ideal RGB output values. The recording
apparatus according to the first embodiment is capable of
obtaining RGB output values having linearity by correcting
the actual RGB output values by using the differences or the
ratios that are stored in the storage unit 120 and plotted in FI1G.
9.

Meanwhile, values between the actual RGB output values
plotted in FIG. 8 are desirably processed by appropriate inter-
polation, such as spline interpolation or polynomial interpo-
lation. Differences or ratios obtained by using the RGB out-
put values, which are obtained by interpolating the actual
RGB output values plotted in FIG. 8, and the ideal RGB
output values are temporarily stored in the storage unit 120.
By correcting the actual RGB output values by using the
differences or the ratios, RGB output values having a better
linearity property can be obtained.

An exemplary method for obtaining Lab values from the
RGB values obtained from the test pattern 100 will be
described with reference to FIGS. 10 to 12.

FIG. 10(c) is a plot of Lab values (previously measured
values) of each of the patches belonging to the primary-color
gradation-pattern rows 401 (CMYK) and the patches belong-
ing to the secondary-color gradation-pattern rows 402 (RGB)
of the reference chart 400 illustrated in FIG. 6 onto the Lab
color space.

FIG. 10(a) is a plot of RGB values obtained by sensing
each of the patches belonging to the primary-color gradation-
pattern rows 401 (CMYK) and the patches belonging to the
secondary-color gradation-pattern rows 402 (RGB) of the
reference chart 400 illustrated in FIG. 6 with the two-dimen-
sional sensor 423 onto the RGB color space.

FIG. 10(b) is a plot of XYZ values obtained by converting
the Lab values of FIG. 10(c) by using predetermined equa-
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tions (Lab=> XYZ) onto the XYZ color space. Lab values can
be converted into XYZ values by using the equations of FI1G.
11A (Lab= XYZ). XYZ values can be converted into Lab
values by using the equations in FIG. 11B (XYZ= Lab).
Accordingly, the Lab values of FIG. 10(c) and the XYZ
values of FIG. 10(b) are mutually convertible by using the
conversion equations displayed in FIGS. 11A and 11B.

Suppose that RGB values of one patch in the test pattern
100 of the object obtained from the object-image capturing
area illustrated in FIG. 7 are at a Prgb point in the RGB color
space illustrated in FIG. 10(a). In this case, four nearest
neighbor points capable of forming a tetrahedron that
includes the Prgb point indicated in FIG. 10(a) inside are
searched (step S1). In the illustrated example in FIG. 10(a),
PO, pl, p2, and p3 are selected. Let the three-dimensional
coordinates of the four points (p0, p1, p2, and p3) in the RGB
color space illustrated in FIG. 10(a) be p0 (x01,x02, x03), p1
(x1, x2, x3), p2 (x4, x5, x6), and p3 (x7, x8, x9).

Subsequently, four points (q0, q1, q2, and q3) in the XYZ
color space illustrated in FIG. 10(b) corresponding to the four
points (p0, p1, p2, and p3) in the RGB color space illustrated
in FIG. 10(a) are searched (step S2). Let the three-dimen-
sional coordinates of the four points (q0, q1, 92, and q3) inthe
XYZ color space be q0 (y01, y02, y03), q1 (v1, y2, y3), q2
(v4, y5, y6), and 3 (y7. y8, y9).

Subsequently, a linear transformation matrix for linearly
converting the local space in the tetrahedron is calculated
(step S3). More specifically, a pair of mutually corresponding
points is determined by selecting one point from among the
four points (p0, p1, p2, and p3) and another point from among
the four points (q0, q1, g2, and g3) (in the first embodiment,
a pair of points p0 and q0, which is the pair closest to achro-
matic color, is selected). The corresponding point pair (p0,
q0) is set as an origin (the coordinates of p1 to p3 and those of
q1 to q3 are values relative to p0 and q0, respectively).

Here, it is assumed that conversion equation from the RGB
color space illustrated in FIG. 10(a) onto the XY Z color space
illustrated in FIG. 10(5) can be represented by a linear trans-
formation equation, Y=AX, where X denotes three-dimen-
sional coordinates of a point in the RGB color space illus-
trated in FIG. 10(a), and Y denotes three-dimensional
coordinates of a point in the XYZ color space illustrated in
FIG. 10(5).

Next, mapping of the RGB values (Prgb) obtained by the
two-dimensional sensor 423, as illustrated in FIG. 10(a), to a
point in the XYZ color space illustrated in FIG. 10(5) is
performed by using the linear transformation matrix (Y=AX)
(step S4). Pxyz values in the XYZ color space illustrated in
FIG. 10(b) are thus obtained.

Subsequently, the Pxyz values obtained by the mapping to
the XYZ color space illustrated in FIG. 10(5) are converted
into Lab values by using a general XYZ= Lab conversion,
thereby obtaining [.ab values corresponding to the RGB val-
ues illustrated in FIG. 10(a) (step S5). Conversion from the
XYZ values to the Lab values can be performed by using the
equations in FIG. 11B.

Thus, even when the sensitivity of the two-dimensional
sensor 423 has changed or even when a wavelength or inten-
sity of light from the light source 424 has changed, color
measurement can be performed with high accuracy by cap-
turing the image of the reference chart 400 and the image of
the test pattern 100 simultaneously and performing color
measurement of the test pattern 100 by keeping comparison
with the reference chart 400.

The recording apparatus according to the first embodiment
compares the Lab values of the test pattern 100 measured by
using the image capturing unit 42 with ideal Lab values that
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are desired to be recorded on the recording medium 16, and
corrects the amounts of ink to be ejected from the recording
heads 6 or even image data based on the differences between
the Lab values. Accordingly, the recording apparatus can
form an image with the ink ejected from the recording heads
6 in colors closer to the ideal colors that are desired to be
recorded on the recording medium 16. Meanwhile, in the first
embodiment, the test pattern 100 is the object. However, there
can be cases where color measurement of a recorded image
other than the image of the test pattern 100 is performed for
test printing or the like. In such a case, a recorded image
becomes an object.

Meanwhile, an image to be formed on the recording
medium 16 is generally formed using a dot matrix. Desired
colors are reproduced by superimposing ink of CMYK and
the like. However, misalignment of the ink occurs in an image
may cause to degrade the image and also to change the color
measurement values obtained by using the test pattern 100
described above.

When colors of an image formed on the recording medium
16 is changed due to misalignment of the image, an attempt to
correct colors of an image to be formed on the recording
medium 16 may cause ejected amounts of ink to be out of
balance, thereby to unable to obtain a good quality image.
Accordingly, it is desirable to correct misalignment of an
image before color measurement of the test pattern 100 is
performed. A method for correcting image misalignment will
be described below.

Exemplary Method for Correcting Image Misalignment

An exemplary method for correcting image misalignment
will be described below with reference to FIG. 13.

When image misalignment is corrected, the test pattern 100
illustrated in FIG. 13 is recorded on the recording medium 16,
and the image capturing unit 42 captures an image of the
reference chart 400 and an image of the test pattern 100
simultaneously, thereby to obtain a captured image illustrated
in FIG. 13.

Of the whole image capturing area of the two-dimensional
sensor 423 (whole image capturing area of the two-dimen-
sional sensor) illustrated in FIG. 13, the left half area config-
ures the reference-chart-image capturing area where the
image of the reference chart 400 illustrated in FIG. 6 is to be
captured. The right half area of the image capturing area
configures the object-image capturing area where the image
of'the test pattern 100 illustrated in FIG. 13 is to be captured.

Vertical lines (solid lines) in a lower half area of the object-
image capturing area of the test pattern 100 illustrated in FIG.
13 form a pattern used for measuring relative misalignment of
the recording heads 6 on the upstream side in the main-
scanning direction. In particular, the lower half area includes
a pattern for measurement of misalignment in the main-scan-
ning direction of recording heads 6 on the upstream side.
Vertical lines (solid lines) in an upper half area of the object-
image capturing area of the test pattern 100 form a pattern
used for measuring relative misalignment of the recording
heads 6 on the downstream side in the main-scanning direc-
tion. In particular, the upper half area includes a pattern for
measurement of misalignment in the main-scanning direction
of'recording heads 6 on the downstream side. Horizontal lines
(solid lines) in a middle area of the object-image capturing
area of the test pattern 100 form a pattern used for measuring
relative misalignment between the recording heads 6 on the
upstream side and the recording heads 6 on the downstream
side in the sub-scanning direction. In particular, the middle
area includes a pattern for measurement of misalignment in
the sub-scanning direction between recording heads 6 on the
downstream side and recording heads 6 on the upstream side.
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Note that broken vertical lines depicted in FIG. 13 indicate
positions of ideal vertical lines that are to be recorded on the
recording medium 16 in the absence of misalignment in the
main-scanning direction and that are not actually recorded on
the recording medium 16.

To measure the relative misalignment of the recording
heads 6 on the upstream side in the main-scanning direction,
first, intervals between vertical lines that are actually
recorded on the recording medium 16 by shifting the record-
ing heads 6 by a predetermined interval o are measured.
Differences between positions of the actually-recorded ver-
tical lines (solid lines) on the recording medium 16 and posi-
tions of the ideal vertical lines (broken lines) that are to be
recorded on the recording medium 16 when there is no mis-
alignment in the main-scanning direction are calculated as
misalignment amounts in the main-scanning direction. The
intervals between the vertical lines (solid lines) actually
recorded on the recording medium 16 are measured with
reference to a black vertical line recorded at a lefimost posi-
tion as a reference line for measurement of misalignment in
the main-scanning direction.

More specifically, as illustrated in FIG. 14, the first black
vertical line recorded at the leftmost position is used as the
reference line for measurement of misalignment in the main-
scanning direction. Intervals (x1, x2, and x3) between the
reference line and the actually-recorded vertical lines are
measured. The positions of the actual vertical lines can thus
be determined. Subsequently, differences (Ax1, Ax2, and
Ax3) between the positions of the actually-recorded vertical
lines (solid lines) and the positions of the ideal vertical lines
(broken lines) are measured. The difference (Ax1) between
the position of the second actually-recorded vertical line and
the position of the corresponding ideal vertical line can be
obtained by the subtraction Ax1=x1-a.. The difference (Ax2)
between the position of the third actually-recorded vertical
line and the position of the corresponding ideal vertical line
can be obtained by the subtraction Ax2=x2-2c.. The differ-
ence (Ax3) between the position of the fourth actually-re-
corded vertical line and the position of the corresponding
ideal vertical line can be obtained from Ax3=x3-3a. The
misalignment in the main-scanning direction is corrected
based on the differences (Ax1, Ax2, and Ax3) so that the
positions of the actually-recorded vertical lines (solid lines)
on the recording medium 16 coincide with the positions of the
ideal vertical lines (broken lines).

The relative misalignment of the recording heads 6 on the
downstream side in the main-scanning direction is to be mea-
sured with the method described above with reference to FIG.
14. Note that the position of the first black vertical line
recorded at the leftmost position can deviate from the position
of' the reference line for measurement of misalignment in the
main-scanning direction as illustrated in FIG. 15. Therefore,
a difference (Ax0) between the first black vertical line
recorded at the leftmost position and the reference line for
measurement of the misalignment in the main-scanning
direction is calculated, and the position of the first black
vertical line recorded at the leftmost position is corrected by
using the difference (Ax0) to the position (ideal position) of
the reference line for measurement of the misalignment in the
main-scanning direction. Thereafter, relative misalignment
of' the recording heads 6 on the downstream side in the main-
scanning direction is measured by using the method illus-
trated in FIG. 14, thereby correcting the misalignment in the
main-scanning direction.

To measure the misalignment between the recording heads
6 on the upstream side and the recording heads 6 on the
downstream side in the sub-scanning direction, two horizon-
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tal lines, which are on the lower side, of the four horizontal
lines illustrated in FIG. 13 are recorded on the recording
medium 16 by using the recording heads 6 on the upstream
side. Similarly, two horizontal lines on the upper side are
recorded on the recording medium 16 by using the recording
heads 6 on the downstream side. As illustrated in FIG. 16, a
distance (1) between the horizontal lines on the lower side
and a distance (§2) between the horizontal lines on the upper
side are measured. A difference (Ap=p1-p2) is calculated as
a misalignment amount between the recording heads 6 on the
upstream side and the recording heads 6 on the downstream
side in the sub-scanning direction. Based on the difference
(AB), the misalignment in the sub-scanning direction between
the recording heads 6 on the upstream side and the recording
heads 6 on the downstream side in the sub-scanning direction
is corrected, thereby performing correction to make the dis-
tance (p1) between the horizontal lines on the lower side to be
equal to the distance (p2) between the horizontal lines on the
upper side.

Meanwhile, the distance between the sub-scanning dis-
tance reference line and the main-scanning distance reference
line of the reference chart 400 is an absolute distance. The
absolute distance between the sub-scanning distance refer-
ence line and the main-scanning distance reference line is
managed by the storage unit 120 in advance. An image-
capturing distance between the sub-scanning distance refer-
ence line and the main-scanning distance reference line illus-
trated in FIG. 13 obtained by capturing the image of the
reference chart 400 is compared with the absolute distances
between the sub-scanning distance reference line and the
main-scanning distance reference line managed by the stor-
age unit 120. Relative ratio of the image-capturing distances
to the absolute distance is calculated. By multiplying the
relative ratio to misalignment amounts obtained from the test
pattern 100 in the object-image capturing area, actual mis-
alignment amounts can be calculated. By correcting the mis-
alignment based on the actual misalignment amounts, mis-
alignment can be corrected with high accuracy.

The control unit 107 performs calculation of the misalign-
ment amounts described above based on the captured image
illustrated in FIG. 13 captured by the image capturing unit 42.
The control unit 107 corrects a position of an image to be
formed with ink ejected from the recording heads 6 by con-
trolling ink ejection timing from the recording heads 6 and/or
controlling a conveyance amount of the recording medium
16. This corrects misalignment of the image, causing color
measurement of the test pattern 100 to be performed accu-
rately.

In the exemplary method for correcting misalignment of an
image described above, the test pattern 100 is formed with the
line patterns illustrated in FIG. 13. Alternatively, the test
pattern 100 can be formed with a dotted pattern as that illus-
trated in FIG. 17 to correct geometric misalignment of the
recording heads 6.

In the case of the test pattern 100 illustrated in FIG. 17, a
misalignment amount in the main-scanning direction and that
in the sub-scanning direction of the recording heads 6 on the
upstream side are to be measured by using dots in a first frame
301. That is, first frame 301 includes a pattern for measure-
ment of misalignment in the main-scanning direction and
sub-scanning direction of recording heads 6 on the upstream
side. A misalignment amount in the main-scanning direction
and that in the sub-scanning direction of the recording heads
6 on the downstream side are to be measured by using dots in
a second frame 302. That is, second frame 302 includes a
pattern for measurement of misalignment in the main-scan-
ning direction and sub-scanning direction of recording heads
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6 on the downstream side. A misalignment amount in the
main-scanning direction and that in the sub-scanning direc-
tion between the recording heads 6 on the upstream side and
the recording heads 6 on the downstream side are to be mea-
sured by using dots in a third frame 303. That is, third frame
303 includes a pattern for measurement of misalignment in
the main-scanning direction and sub-scanning direction
between recording heads 6 on the downstream side and record
heads 6 on the upstream side. A misalignment amount in the
main-scanning direction and that in the sub-scanning direc-
tion caused by reciprocation of the recording heads 6 are to be
measured by using dots in a fourth frame 304. That is, fourth
frame 304 includes a pattern for measurement of misalign-
ment in the main-scanning direction between forward travel-
ing and backward traveling.

As described above, the recording apparatus according to
the first embodiment records the test pattern 100, which is the
object, on the recording medium 16. The image capturing unit
42 captures the image of the test pattern 100, which is the
object, and the image of the reference chart 400 arranged in
the image capturing unit 42 simultaneously. At this time, the
image capturing lens 425 and the transparent member 426
cause both the image of the reference chart 400 and the image
of'the test pattern 100 to be formed on the sensor surface of the
two-dimensional sensor 423. Color measurement of the test
pattern 100 is performed by comparing colors of the reference
chart 400 with colors of the test pattern 100 based on the
captured image captured by the image capturing unit 42.
Accordingly, the image capturing unit 42 can be used even in
a case where the image capturing unit 42 is to be moved.
Furthermore, the image capturing unit 42 is relatively inex-
pensive and also capable of increasing accuracy in color
measurement of the test pattern 100.

Second Embodiment

A second embodiment of the present invention will be
described below. In the first embodiment, the image capturing
unit 42 illustrated in FIGS. 4A to 4C causes the reference
chart 400 and the test pattern 100 to be directly illuminated
with the light from the light source 424 to capture the image
of the reference chart 400 and the image of the test pattern
100.

However, in the configuration where the light from the light
source 424 directly illuminates the reference chart 400 and
the test pattern 100, because the distance from the light source
424 to the reference chart 400 and the distance from the light
source 424 to the test pattern 100 differ from each other,
illuminance on the surface of the reference chart 400 can be
different from illuminance on the test pattern 100. In a con-
dition where the illuminance on the surface of the reference
chart 400 is different from the illuminance on the test pattern
100, accuracy in color measurement of the test pattern 100
undesirably decreases.

For this reason, in the second embodiment, as illustrated in
FIGS. 18A and 18B, a diffuse light-shielding plate 430 is
arranged in the housing 421 so that the light from the light
source 424 does not directly illuminate any one of the refer-
ence chart 400 and the test pattern 100. Furthermore, a white
diffusing surface 431 is arranged on an inner surface of the
housing 421 so that the light from the light source 424 indi-
rectly illuminates the reference chart 400 and the test pattern
100. This makes the illuminance on the surface of the refer-
ence chart 400 and that on the test pattern 100 to be more
uniform than that of the first embodiment. As a result, accu-
racy in color measurement of the test pattern 100 can be
increased than that of the first embodiment.
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As illustrated in FIG. 18B, the housing 421 illustrated in
FIGS. 18A and 18B has a rectangular inner surface. However,
it is desirable that the housing 421 has a circular inner surface
as illustrated in FIG. 19. If the housing 421 has the circular
inner surface as illustrated in FIG. 19, the distances, across
which light emitted from the light source 424 travels to reach
the inner surface of the housing 421, can be made uniform. As
aresult, the difference between the illuminance on the surface
of'the reference chart 400 and that on the test pattern 100 can
be further reduced.

As described above, the recording apparatus according to
the second embodiment includes the diffuse light-shielding
plate 430 that prevents the light from the light source 424
from directly illuminating the reference chart 400 and the test
pattern 100. The recording apparatus also includes the white
diffusing surface 431 on the inner surface of the housing 421
that diffuses the light from the light source 424 to cause the
light diffused by the white diftfusing surface 431 to illuminate
the reference chart 400 and the test pattern 100. Furthermore,
the housing 421 has the circular inner surface. This makes the
illuminance on the surface of the reference chart 400 and the
illuminance on the surface of the test pattern 100 to be uni-
form. Accordingly, accuracy in color measurement of the test
pattern 100 can be further increased.

Third Embodiment

An outline of a recording apparatus according to a third
embodiment of the present invention will be described with
reference to FIGS. 20 and 21.

As illustrated in FIG. 20, the recording apparatus accord-
ing to the third embodiment includes an image capturing unit
2042 (image capturing device) mounted on the carriage 5. As
illustrated in FIG. 21, the image capturing unit 2042 is con-
figured to include a housing 2421; a reference pattern (corre-
sponding to the reference chart 400) used for color measure-
ment and arranged in the housing 2421; a two-dimensional
sensor 2423 that captures an image of the reference pattern
400 in one part of an image capturing area and captures an
image of the test pattern 100, which is an object, in another
part of the image capturing area; an image capturing lens
2425 arranged on a first optical path between the two-dimen-
sional sensor 2423 and the reference pattern 400 and a second
optical path between the two-dimensional sensor 2423 and
the test pattern 100 to cause the image of the test pattern 100
to be formed on a sensor surface of the two-dimensional
sensor 2423; and a reflection member 2426 arranged on the
first optical path between the two-dimensional sensor 2423
and the reference pattern 400 to cause a position where the
image of the reference pattern 400 is to be formed by the
image capturing lens 2425 to be on the sensor surface of the
two-dimensional sensor 2423. Meanwhile, the reference pat-
tern 400 and the test pattern 100 are similar to those of the first
embodiment, and therefore, repeating the detailed descrip-
tions is omitted.

The image capturing unit 2042 of the third embodiment
includes, in the image capturing unit 2042, the reference
pattern 400 used for color measurement. The reflection mem-
ber 2426 causes the position where the image of the reference
chart 400 is to be formed and a position where the image of the
object test pattern 100 is to be formed to be on the sensor
surface of the two-dimensional sensor 2423. That is, the
image capturing lens 2425 and the reflection member 2426
cause both the image of the reference chart 400 and the image
of the object test pattern 100 to be formed on the sensor
surface of the two-dimensional sensor 2423. Accordingly, the
image capturing unit 2042 can be used even in a case where
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the image capturing unit 2042 is to be moved. Furthermore,
the image capturing unit 2042 is relatively inexpensive and
also capable of increasing accuracy in color measurement of
the test pattern 100. The recording apparatus according to the
third embodiment will be described in detail below with
reference to the accompanying drawings.

An exemplary schematic configuration of mechanisms of
the recording apparatus according to the third embodiment is
similar to that of the first embodiment described with refer-
ence to FIG. 1.

Meanwhile, exemplary configurations of a recording
mechanism and a detection mechanism of the recording appa-
ratus according to the third embodiment are similar to those of
the first embodiment described above with reference to FIGS.
2 and 3 with a difference only in that a reference numeral of
2042 is assigned to the image capturing unit 2042 in FIG. 20.

More specifically, as in the first embodiment, the recording
mechanism according to the third embodiment moves the
carriage 5, on which the recording heads 6 are mounted, in the
main-scanning direction and causes ink to be ejected through
the nozzle arrays of the recording heads 6 onto the recording
medium 16 on the supporting plate 200, thereby recording the
test pattern 100, which is the object, on the recording medium
16. The test pattern 100 is mainly used for color measurement
of an image formed with the ink ejected from the recording
heads 6.

The detection mechanism according to the third embodi-
ment captures, as in the first embodiment, an image of the test
pattern 100 recorded on the recording medium 16 and an
image of the reference chart 400 arranged in the image cap-
turing unit 2042 with the image capturing unit 2042. The
detection mechanism compares colors of the image of the test
pattern 100 captured by the image capturing unit 2042 with
colors of the image of the reference chart 400 captured by the
same, thereby performing color measurement of the test pat-
tern 100. The reference chart 400 is mainly used for color
measurement of the test pattern 100.

Exemplary Configuration of Image Capturing Unit 2042

An exemplary configuration of the image capturing unit
2042 will be described below with reference to FIG. 21. FIG.
21 is a diagram illustrating the exemplary configuration of the
image capturing unit 2042. Section (a) of FIG. 21 illustrates
an exemplary configuration of a side surface of the image
capturing unit 2042. Section (b) of FIG. 21 illustrates an
exemplary configuration of a top surface of the image captur-
ing unit 2042.

The image capturing unit 2042 of the third embodiment
includes the housing 2421 having an aperture 2428 on a side
facing an image capturing plane, the two-dimensional sensor
2423, a light source (light emitting diode (LED)) 2424, the
image capturing lens 2425, the reflection member 2426, a
support member 2427, and the reference chart 400.

The housing 2421 is a hull of the image capturing unit
2042. The housing 2421 has the aperture 2428 on the image
capturing plane side. As illustrated in section (a) of FIG. 21,
the housing 2421 has a rectangular inner surface, on which, as
illustrated in section (a) of FIG. 21, the reference chart 400 is
arranged. The two-dimensional sensor 2423 captures the
image of the reference chart 400 and the image of the object
(the test pattern 100) simultaneously to obtain a two-dimen-
sional captured image formed with the image of the reference
chart 400 and the image of the test pattern 100. The light
source 2424 illuminates the reference chart 400 and the test
pattern 100 with light. The image capturing lens 2425 forms
an image of an image-capture object on the sensor surface of
the two-dimensional sensor 2423. The image capturing lens
2425 is arranged such that an object surface is positioned on
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the test pattern 100. The reflection member 2426 reflects light
and has a predetermined reflectivity. The reflection member
2426 locates a focal plane on the reference chart 400 that is
arranged on an inner side surface of the housing 2421. The
support member 2427 is amember that supports the reflection
member 2426 at a predetermined angle (0).

In the image capturing unit 2042 of the third embodiment,
the image of the test pattern 100 is captured in a first area,
which is approximately half the image capturing area, of the
two-dimensional sensor 2423. The image of the test pattern
100 is to be formed by the image capturing lens 2425 on the
sensor surface of the two-dimensional sensor 2423. The
image of the reference chart 400 is captured in a second area,
which is approximately a half the image capturing area, ofthe
image capturing area of the two-dimensional sensor 2423.
The image capturing lens 2425 and the reflection member
2426 cause the image of the reference chart 400 to be formed
on the sensor surface of the two-dimensional sensor 2423.

That is, in the image capturing unit 2042 of the third
embodiment, the reflection member 2426 is arranged such
that the position where the image of the reference chart 400 is
to be formed is on the sensor surface of the two-dimensional
sensor 2423.

Furthermore, the image capturing unit 2042 of the third
embodiment illuminates the reference chart 400 and the test
pattern 100 with light from the light source 2424 and captures
the image of the reference chart 400 and the image of the test
pattern 100 with the two-dimensional sensor 2423 simulta-
neously in the same lighting condition.

In the configuration illustrated in FIG. 21, the support
member 2427 that supports the reflection member 2426 at the
predetermined angle 0 is arranged in the housing 2421, and
the reflection member 2426 is mounted on the support mem-
ber 2427 so that the position where the image of the reference
chart 400 is to be formed coincides with the position where
the image of the test pattern 100 is to be formed.

Another configuration in which, as illustrated in FIG. 22,
the reflection member 2426 can be mounted on a portion-of-
housing 2429 that is a portion of the housing 2421 on the
image capturing plane side and that is foldable in a stepless
manner so that the position where the image of the reference
chart 400 is to be formed coincides with the position where
the image of the test pattern 100 is to be formed. Meanwhile,
in the configuration illustrated in F1G. 22, the reflection mem-
ber 2426 is mounted on the portion-of-housing 2429 that is
foldable in the stepless manner. Another configuration in
which a material serving as a reflector is applied to the por-
tion-of-housing 2429 that is foldable in the stepless manner
so that the portion-of-housing 2429 itself also functions as the
reflection member 2426 can alternatively be employed.

The control mechanism of the recording apparatus accord-
ing to the third embodiment includes the control unit 107, the
ROM 118, the RAM 119, the storage unit 120, the carriage 5,
the main-scanning driver 109, the recording heads 6, the
recording-head driver 111, the encoder sensor 41, the image
capturing unit 2042, the paper conveying unit 112, and the
sub-scanning driver 113 as illustrated in FIG. 23. The func-
tions and configurations of the various units other than the
image capturing unit 2042, or, more specifically, the func-
tions and configurations of the control unit 107, the ROM
118, the RAM 119, the storage unit 120, the carriage 5, the
main-scanning driver 109, the recording heads 6, the record-
ing-head driver 111, the encoder sensor 41, the image captur-
ing unit 42, the paper conveying unit 112, and the sub-scan-
ning driver 113 are similar to those of the first embodiment.

The image capturing unit 2042 captures the image of the
reference chart 400 and the image of the test pattern 100
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recorded on the recording medium 16 simultaneously and
outputs the captured image formed with the image of the
reference chart 400 and the image of the test pattern 100 to the
control unit 107. The control unit 107 compares colors of the
reference chart 400 with colors of the test pattern 100 based
on the captured image captured by the image capturing unit
2042, thereby performing color measurement of the test pat-
tern 100.

In the third embodiment, the configuration of the reference
chart 400 (FIG. 6), the method for color measurement of the
test pattern 100 (FIG. 7), the RGB output values prior to gray
balance adjustment and white balance adjustment (FIG. 8),
the differences between the actual RGB output values (solid
lines) and the ideal RGB output values (broken line), the
ratios of the actual RGB output values to the ideal RGB
output values (FIG. 9), the exemplary method for obtaining
Lab values from the RGB values obtained from the test pat-
tern 100 (FIGS. 10 to 12), and the method for correcting
misalignment of an image (FIGS. 13 to 17) are similar to
those of the first embodiment described with reference to the
corresponding drawings, and repeated descriptions are omit-
ted.

As described above, the recording apparatus according to
the third embodiment records the test pattern 100, which is
the object, on the recording medium 16. The recording appa-
ratus causes the image capturing unit 2042 to capture the
image of the test pattern 100, which is the object, and the
image of the reference chart 400 arranged in the image cap-
turing unit 2042 simultaneously. At this time, the image cap-
turing lens 2425 and the reflection member 2426 cause both
the image of the reference chart 400 and the image of the test
pattern 100 to be formed on the sensor surface of the two-
dimensional sensor 2423. Color measurement of the test pat-
tern 100 is performed by comparing colors of the reference
chart 400 with colors of the test pattern 100 based on the
captured image captured by the image capturing unit 2042.
Accordingly, the image capturing unit 2042 can be used even
in a case where the image capturing unit 2042 is to be moved.
Furthermore, the image capturing unit 2042 is relatively inex-
pensive and also capable of increasing accuracy in color
measurement of the test pattern 100.

Although the present invention has been described above
by way ofthe preferred embodiments, the present invention is
not limited to the specific embodiments described above.
Various changes and modifications can be made without
departing from the scope of the present invention.

For example, a sequence of operations in one of the
embodiments is not necessarily performed only by the single
control unit 107, and may be performed by a plurality of
control units.

A series of control operations for each of the units that
configure the recording apparatus according to one of the
embodiments can be performed by any of hardware, software,
and a compound configuration of hardware and software.

To execute processing by software, computer program that
record processing sequence can be installed on a memory of
a computer incorporated into dedicated hardware and
executed. Alternatively, the computer program can be
installed and executed on a general-purpose computer
capable of performing various types of processing.

For example, the computer program can be stored in
advance in a hard disk drive or ROM, which serves as a
storage medium. Alternatively, the computer program can be
temporarily or permanently stored (recorded) in a removable
storage medium. Using a removable storage medium, the
computer program can be provided as what is called a soft-
ware package. Examples of the removable storage medium
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include a floppy disk (registered trademark), a compact disk
ROM (CD-ROM), a magneto optical (MO) disk, a digital
versatile disk (DVD), a magnetic disk, and a semiconductor
memory.

The computer program can be installed from a removable
storage medium as described above to a computer. The com-
puter program can be transferred from a site, from which the
computer program is downloadable, to the computer wire-
lessly or in a wired manner through a network.

The recording apparatus according to the present embodi-
ment is not limited to a serial processing by following the
series of processes described above, and can also be config-
ured to perform processing by one of parallel processing and
individual processing.

The present invention is suitable for inkjet recording appa-
ratus.

The present invention has been conceived in view of the
circumstances described above. It is an object of the invention
to provide an image capturing device that can be used even in
a case where the image capturing device is to be moved, and
that is relatively inexpensive and capable of increasing accu-
racy in color measurement, and also to provide a recording
apparatus including the image capturing device.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image capturing device comprising:

a housing having an aperture;

atwo-dimensional sensor that captures an object outside of
the housing through the aperture;

a reference pattern arranged in the housing for being cap-
tured together with the object by the two-dimensional
sensor;

an image forming element arranged on both a first optical
path between the two-dimensional sensor and the refer-
ence pattern and a second optical path between the two-
dimensional sensor and the object, the image forming
element forming an image of the reference pattern on a
sensor surface of the two-dimensional sensor; and

a transparent member arranged on the second optical path,
the transparent member having a refractive index that
causes an image of the object, formed by the image
forming element, to be positioned on the sensor surface
on the two-dimensional sensor.

2. The image capturing device according to claim 1,
wherein the transparent member is arranged in the housing so
as to cover the aperture.

3. The image capturing device according to claim 1, further
comprising:

a light source that illuminates the reference pattern and the

object.

4. The image capturing device according to claim 3, further
comprising:

a light-shielding plate that prevents direct illumination of
the reference pattern and the object with the light emit-
ted from the light source.

5. The image capturing device according to claim 3,
wherein the housing includes an inner surface, the inner sur-
face including a diffusing surface that diffuses the light from
the light source such that light diffused by the diffusing sur-
face illuminates the reference pattern and the object.

6. The image capturing device according to claim 5,
wherein the inner surface of the housing has a circular form.
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7. The image capturing device according to claim 1,
wherein the reference pattern includes a plurality of colors.

8. The image capturing device according to claim 1,
wherein the two-dimensional sensor measures a color of the
object in accordance with the reference pattern.

9. A recording apparatus comprising:

the image capturing device according to claim 1; and

a recording unit that records the object.

10. An image capturing device comprising:

a two-dimensional sensor that captures an object through
an aperture;

a reference pattern for being captured together with the
object by the two-dimensional sensor;

an image forming element arranged on both a first optical
path between the two-dimensional sensor and the refer-
ence pattern and a second optical path between the two-
dimensional sensor and the object, the image forming
element forming an image of the reference pattern on a
sensor surface of the two-dimensional sensor; and

a transparent member arranged on the second optical path,
the transparent member having a refractive index that
causes an image of the object, formed by the image
forming element, to be positioned on the sensor surface
on the two-dimensional sensor.

11. The image capturing device according to claim 10,
wherein the transparent member is arranged to cover the
aperture.

12. The image capturing device according to claim 10,
further comprising:

a light source that illuminates the reference pattern and the

object.

13. The image capturing device according to claim 12,
further comprising:

a light-shielding plate that prevents direct illumination of
the reference pattern and the object with the light emit-
ted from the light source.

14. The image capturing device according to claim 12,

wherein

10

15

25

30

22

a diffusing surface diffuses the light from the light source
such that light illuminates the reference pattern and the
object.

15. An image capturing device comprising:

a housing having an aperture;

a reference pattern arranged in the housing;

a two-dimensional sensor that captures an image that
includes the reference pattern and an object outside of
the housing;

an image forming element arranged on both a first optical
path between the two-dimensional sensor and the refer-
ence pattern and a second optical path between the two-
dimensional sensor and the object, the second optical
path being through the aperture; and

a transparent member arranged on the second optical path,
the transparent member having a refractive index that
causes the image captured by the two-dimensional sen-
sor to include the object, wherein the image forming
element forms the image including the reference pattern
and the object to be captured on a sensor surface of the
two-dimensional sensor.

16. The image capturing device according to claim 15,

wherein the reference pattern includes a plurality of colors.

17. The image capturing device according to claim 15,
wherein the two-dimensional sensor measures a color of the
object in accordance with the reference pattern.

18. The image capturing device according to claim 15,
further comprising:

a light source that illuminates the reference pattern and the

object.

19. The image capturing device according to claim 15,
wherein the housing includes an inner surface, the inner sur-
face including a diffusing surface that diffuses the light from
the light source such that light diffused by the diffusing sur-
face illuminates the reference pattern and the object.
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